Abstract. Aim: To assess the agreement of the NCEP ATP-III and the IDF definitions of metabolic syndrome and to determine their predictive values for the diagnosis of insulin resistance. Methods: For this purpose, we recruited 150 subjects (94 women and 56 men) and determined the presence of metabolic syndrome using the NCEP-ATP III and IDF definitions. We evaluated their insulin sensitivity S I using Caumo's oral minimal model after a standardized hyperglucidic breakfast test. Subjects whose S I was in the lowest quartile were considered as insulin resistant. We then calculated sensitivity, specificity, positive and negative predictive values of both definitions for the diagnosis of insulin resistance. Results: The prevalence of metabolic syndrome was 37.4% (NCEP-ATP III) and 40% (IDF). Agreement between the two definitions was 96%. Using NCEP-ATP III and IDF criteria for the identification of insulin resistant subjects, sensitivity was 55.3% and 63%, specificity was 68.8% and 67.8%, positive predictive value was 37.5% and 40%, negative predictive value was 81.9% and 84.5%, respectively. Positive predictive value increased with the number of criteria for both definitions. Conclusion: Whatever the definition, the scoring of metabolic syndrome is not a reliable tool for the individual diagnosis of insulin resistance, and is more useful for excluding this diagnosis.
entre les deux définitions était de 96%. En utilisant les critères NCEP-ATP III et FID pour l'identification des sujets insulinoréssitants, la sensibilité était de 55,3% et 63%, la spécificité de 68,8% et 67,8%, la valeur prédictive positive de 37,5% et 40%, la valeur prédictive négative de 81,9% et 84,5%, respectivement. La valeur prédictive positive augmentait avec le nombre de critères pour les deux définitions. Conclusion : quelle qu'en soit la définition, le syndrome métabolique ne permet pas de diagnostiquer l'insulinorésistance. Par contre, son absence oriente vers une probable normalité de la sensibilité à l'insuline.
Mots clés : syndrome métabolique, NCEP-ATP III, FID, insulinorésistance, insulino-sensibilité, minimal model Insulin resistance (IR) is defined as a defect in insulin action at the level of insulin sensitive tissues or organs. Abdominal obesity and sedentarity, as well as puberty, pregnancy or aging [1] , are some recognized factors of IR. Considered as the main pathological mechanism in the early stages of type 2 diabetes, it is also very common in non diabetic subjects, whose insulin secretion may adapt the increasing demand caused by IR. Insulin resistance syndrome is currently defined as a cluster of clinical and biological abnormalities, including identified syndromes as polycystic ovaries syndrome or non-alcoholic steatohepatitis, and whose prevalence is correlated to insulinaemia and inversely correlated to insulin sensitivity (S I ). S I is a continuous and highly variable parameter among a given population [1] . There is currently no consensus on the value of S I defining IR; however, according to most studies, the lowest quartile of S I distribution in a given population is generally considered as insulin resistant enough to significantly develop abnormalities or syndromes characterized by IR [2] . Since the description of 'syndrome X' by Reaven [3] , the use of the complex and costly euglycaemic hyperinsulinaemic clamp technique as the "gold standard" for the determination of S I is poorly adapted to large epidemiological studies and everyday clinical practice. Many indexes, as the popular HOMA model, were proposed to estimate S I . Unfortunately, they were proved to have several limitations, particularly when a defect in insulin secretion was associated [4, 5] . In order to easily diagnose IR, many definitions of Metabolic Syndrome (METS) were suggested but, in a public health perspective, they were aimed at preventing cardiovascular diseases (CVD) and type 2 diabetes (T2D). Many definitions have been proposed, from the original WHO to the most widely employed NCEP-ATP III criteria. They all included the main features of insulin resistance but they also differed in cut-off values and the respective importance of each item. In order to harmonise these various definitions, the International Diabetes Federation (IDF) published a worldwide consensus in 2005 [6] . Abdominal obesity became the main criterion with cutoff values of waist circumference depending on ethnic group and fasting glycaemia considered abnormal over 5.5 mmol/L. Despite their many common features, all these evolutions made METS and Insulin Resistance Syndrome diverge into somewhat different entities. Unfortunately a confusion remains between those two as they appear to be considered interchangeable in many publications. Consequently, several authors, including Reaven himself, attempted to rehabilitate Insulin Resistance Syndrome, to distinguish it from METS, and to criticize the current use of the latter, sometimes announcing its next disappearance [7] . In a similar, though more temperate perspective, we hypothesized that the two most frequently used definitions were perhaps not systematically well correlated to IR and were likely to identify subjects whose insulin sensitivity is uncertain. This study was thus undertaken in order to compare the prevalence of METS according to NCEP ATP-III and IDF definitions and to determine their predictive values for the diagnosis of IR.
Methods
We recruited 150 subjects (94 women and 56 men) who came to our unit for a metabolic check-up, in order to detect a disturbance in glucose regulation. Pregnant or breastfeeding women, subjects treated with insulin or suffering from a disease influencing blood lipid levels (such article original as hypothyroidism or kidney disease) were excluded. Subjects with no data available concerning these criteria were also excluded. Details of all patients were recorded at the time of their clinic attendance. Each patient enrolled in this study gave written informed consent, in accordance to the European directives and the protocol was approved by the local ethic committee. All subjects were asked to come after an overnight fast (at least 12 h). Medical history and current drugs used were questioned. Blood pressure was measured after a 5-min sitting rest. We also measured weight, size, waist circumference (WC), in standardized conditions and high sensitivity devices. The WC was measured at the part of the trunk located midway between the lower costal margin (bottom of lower rib) and the iliac crest (top of pelvic bone) while the person was standing, with feet about 25-30 cm apart (10-12 in), without compressing any underlying soft tissues, at the end of a normal expiration. Blood samplings were obtained after clinical examination and immediately centrifuged. Plasma glucose, cholesterol, triglycerides, HDL and LDL levels were determined with an Olympus 2700 Chemistry Analyzer, using routine well-standardized procedures. Plasma insulin levels was determined using RIA methods (kit Bi-Insuline IRMA; Schering CIS bio international, Gif-sur-Yvette, France). We used the two most recent definitions of METS. According to NCEP-ATP III, subjects must meet at least three of the five following criteria: abdominal obesity (defined as WC ≥ 102 cm for Caucasian men and WC ≥ 88 cm for caucasian women), raised TG level (> 1.7 mmol/L) or specific treatment for this lipid abnormality; reduced HDL cholesterol (< 1 mmol/L in men and < 1.3 mmol/L in women) or specific treatment for this lipid abnormality; systolic blood pressure ≥ 130 mmHg and/or diastolic blood pressure ≥ 85 mmHg) or treatment of previously diagnosed hypertension; raised fasting plasma glucose (≥ 6.1 mmol/L) or previously diagnosed type 2 diabetes. According to International Diabetes Federation (IDF), subjects must have abdominal obesity (defined as WC ≥ 94 cm for Caucasian men and WC ≥ 80 cm for Caucasian women, with ethnicity specific values for other groups) associated with any two of the following factors: raised TG level (> 1.7 mmol/L) or specific treatment for this lipid abnormality; reduced HDL cholesterol (< 1 mmol/L in men and < 1.3 mmol/L in women) or specific treatment for this lipid abnormality; raised blood pressure (systolic blood pressure ≥ 130 mmHg and/or diastolic blood pressure ≥ 85 mmHg) or treatment of previously diagnosed hypertension; raised fasting plasma glucose (≥ 5.6 mmol/L) or previously diagnosed type 2 diabetes.
Subjects had their breakfast after clinical examination and blood sampling collection. It included bread (80 g), butter (10 g), jam (20 g), milk (80 mL), sugar (10 g) and instant coffee (2.5 g). Caloric intake was around 2070 kg (9.1% proteins; 27.5% lipids; 63.4% carbohydrates). Mean duration of food intake was 6 min. Blood samplings for plasma glucose and insulin were collected twice before breakfast and 15, 30, 60, 90, 120, 150, 180, 210 and 240 min after the beginning of the meal. Caumo [8] extends Bergman's minimal model computation to the analysis of meal test, such as this Standardized Hyperglucidic Breakfast (SHB), and provides an evaluation of S I that can actually be calculated with a Microsoft Excel workbook according to the formulae published by its authors in their original paper [8] . It is based on the analysis of changes in plasma glucose and insulin concentration measured after the SHB. SI is given by the "oral minimal model" which is actually Bergman's one with simply another term called Ra OGTT added to the first equation. Model equations are thus [8] :
Where G is plasma glucose concentration, I is plasma insulin concentration, suffix "b" denotes basal values, X is insulin action on glucose production and disposal, V is distribution volume, and S G , p 2 , and p 3 are model parameters. Specially, S G is the fractional (i.e., per unit distribution volume) glucose effectiveness, which measures glucose ability per se to promote glucose disposal and inhibit glucose production; p 2 is the rate constant describing the dynamics of insulin action; p 3 is the parameter governing the magnitude of insulin action. Interestingly, these two equations can be simplified, allowing calculating S I with a quite simple area under the curve formula: ); and f is the fraction of ingested glucose that actually appears in the systemic circulation. When glucose falls below basal, a slightly different formula needs to be used (we refer to equation n°7 in Caumo et al. [8] ). Calculations of S I require insertion of values for S G and f. Here we used the value of glucose effectiveness given by our previously validated formula S G =2.921 e -0.185(G 60 -G 0 ) [9] . Besides, as in Caumo's paper, the value for f is set as f=0.8. The specificity was calculated as the number of truly negative subjects divided by the sum of false positive and true negative. The positive predictive value was calculated as the number of truly positive subjects divided by the sum of true positive and false positive. The negative predictive value was calculated as the number of truly negative subjects divided by the sum of true negative and false negative ones. The likelihood ratio of a positive test result (LR +) is sensitivity divided by 1-specificity. The likelihood ratio of a negative test result (LR-) is 1-sensitivity divided by specificity [10] .
Results
Subjects' main characteristics are reported in . These subjects were quite representative of the average outpatient attending to an endocrinology unit for a check-up of their glucoregulation and nutritional status, with a predominance of women and Caucasoid subjects, 15% of people originating from North-Africa. Patients belonged to all the range of socio-economic status of the population of southern France. Some criteria were significantly different for each gender. For the two definitions, abdominal obesity and low HDL were more frequently found in women and elevated fasting glycaemia was more frequently found in men (table 1) .
Prevalence of METS was 37.4% according to NCEP and 40% according to IDF. This difference was not significant, even after adjustment for gender. 89 subjects did not meet the NCEP and IDF criteria and 55 subjects met the criteria for both definitions. Consequently, concordance rate was 96%. 6 subjects met the criteria for only one definition: 5 subjects for the IDF criteria and one only for the NCEP criteria. On figure 1 are shown for example glucose and insulin profiles according to number of METS IDF criteria: this figure only shows trend to more severe impairment of glucose tolerance, as the METS score increases, but individual values of glucose and insulin have been computed with the Oral Minimal Model in order to calculate S I . There was no difference in S I levels between genders. According to the definition we used for IR, 25% of subjects were considered insulin resistant (table 1) according to the cut-off value (upper limit of the lower quartile of S I ) which was 3.27 min -1 .μU -1 .ml -1 in the control sample. Using NCEP as well as IDF definition, positive predictive value (PPV) for the diagnosis of IR increased with the number of criteria met (table 2) . Sensitivity, specificity, positive predictive value PPV, negative predictive value (NPV) and likelihood ratios are reported in table 3.
Discussion
Our first purpose was to compare the prevalence of METS according to each definition and to determine the concordance between these two definitions. 37.4% subjects article original (NCEP) and 40% (IDF) met the criteria. There was no significant difference between these two percentages, even after adjustment for gender and age. The concordance rate of 96% was excellent as only six subjects (4 men aged 35 to 60 and 2 women aged over 55) met the criteria for only one definition. Few studies investigated the same topic and their results are heterogeneous. In a cohort of 3000 Australian Caucasian subjects, Adams et al. report a prevalence of 22.8% (IDF) vs 15.7% (NCEP) with the lowest concordance between men and older women [11] . On the opposite, Guerrero-Romero et al. investigated 700 Mexican subjects [12] aged 30 to 64 and report a prevalence of 22.3% (IDF) vs. 22.6% (NCEP). The most important study was undertaken by Assmann et al. [13] who used the data from three cohorts (DHS, NHANES, PROCAM). The lowest concordance rate was also found between men but when ethnic origin was considered, concordance was over 95% fort DHS Caucasian women and NHANES Caucasian subjects. On the whole, our results are in agreement with these reports, illustrating such a concordance between these definitions that one might wonder if a new definition was really useful. Our second goal was to determine the predictive power of METS for the diagnosis of IR quantified with a laboratory measurement. To assess insulin resistance, we used a standardized breakfast test with minimal model analysis as previously published [9] . This recently introduced approach has been validated in comparison with various well recognized and more sophisticated techniques such as the glucose clamp [8, [14] [15] [16] and the minimal model analysis of an intravenous glucose tolerance test [9] , and even more with sophisticated tracer experiments [17] .
Compared to OGTT or IVGTT, it is appealing because
Syndrome mé tabolique et insulinoré sistance of its simplicity and the fact that this is a fully physiologic stimulus avoiding artefactual hypoglycaemia, and that it can be employed quite easily in large samples of patients.
Since we had a large database of previous breakfast tests in control subjects, athletes and patients since 1988, we could define on 537 controls a cut-off value defining insulin resistance. The threshold for insulin resistance was therefore defined here as the upper limit of lower quartile i.e., SI < 3.27 min -1 .μU-1.ml -1 .
In this study we do not investigate insulin secretion, although it is interesting to study it in connection with insulin resistance. It is well known that insulinemia increases for compensating insulin resistance, in order to keep the product insulin sensitivity x insulin secretion constant, so that the relationship between insulin secretion and insulin sensitivity physiologically displays an hyperbolic shape [16] . This homeostatic loop is often disrupted in patients with glucoregulatory disorders, explaining the poor reliability of surrogates like the homeostasis model assessment in patients whose glucose tolerance is impaired [18] . In this study we only focus on insulin resistance.
Compared to this measurement, in our sample of patients, both definitions of the metabolic syndrome appear to have quite the same sensitivity, specificity or positive and negative predictive value, although there may be a slight tendency toward a superiority for the IDF definition. Sensitivity of both definitions was poor (NCEP vs. IDF, 56% vs 63%) while specificity was somewhat higher (NCEP vs IDF, 68% vs 69%).
To our knowledge, our study is the first to investigate the predictive power of the IDF definition as the only available data deal with the NCEP definition and yield very different results depending on the population studied. Egan et al. report results comparable to ours with sensitivity of 56.6% and specificity of 73.2% [19] . In contrast, other studies of north-american and hispano-american populations [20] [21] [22] [23] showed a lower sensitivity (42 to 61%) and a higher specificity (83.5 to 94%). This can be explained by the fact that cut-off values used in the NCEP definition were determined among the same ethnic groups. Moreover, IR was calculated using various techniques, including HOMA-IR, euglycaemic hyperinsulinemic clamp or Bergman's Minimal Model after IVGTT, and caution for pooling such results obtained with different techniques is surely required. Notwithstanding, in all these studies, as well as in ours, METS sensitivity is quite poor, proving it to be inadequate as a screening or diagnosis test for IR. Whatever the definition used, PPV was very low (NCEP vs IDF, 37.5% vs 40%). However, it tended to increase with the number of criteria met, especially with NCEP definition. When all the criteria were met, the latter had a higher PPV (NCEP vs IDF, 60% vs 50%). It must also be noticed that the most frequent combinations of NCEP criteria have the lowest PPV (7 -33.3%) whereas those of IDF criteria have the highest PPV (60-100%). Other studies report higher values, with a PPV higher than 70% in two of them [20] [21] [22] . biological grounds, i.e. a low value of SI. It has been emphasized that SI is a continuous variable without any well-defined pathological threshold. The concept of IRS was proposed in order to unify apparently independent diseases around a common mechanism in an understanding and, consequently, therapeutic purpose [1] . This unifying concept has been challenged over the last years but is still supported by a large and ever growing body of evidence [25] . Moreover, regarding recent advances in the use of insulin-sensitizing strategies (physical activity) or drugs (metformin) in the treatment or prevention of T2D or polycystic ovaries syndrome [23] , it is likely that a simple way for determining IR in patients may be, if it were available, of some clinical interest. Nevertheless, the measurement of IR is currently restricted to clinical research, as it remains not demonstrated that it could improve the management of IR-associated diseases. Other studies have already demonstrated that NCEP criteria were unable to correctly predict IR. Our study gives the same conclusion and provides the first evidence in the literature that the IDF definition has rather the same level of accuracy for determining the level of SI as the NCEP definition.
Conclusion
Our results show that, despite a good agreement between them, NCEP and IDF definitions are unable to predict IR. Only 37.5% (NCEP) or 40% (IDF) of subjects with a positive diagnosis of METS are actually insulin resistant, i.e., 62.5% (NCEP) or 60% (IDF) of subjects with a positive diagnosis of METS are not insulin resistant. By contrast insulin resistant subjects as diagnosed with the Oral Minimal Model exhibit a metabolic syndrome in only 55.3% (NCEP) or 50% (IDF) and thus 45% (NCEP) or 37% (IDF) of insulin resistant patients are not detected with these definitions. We conclude that, whatever the definition used, if one aims at diagnosing insulin resistance, METS is a rather inadequate tool, yet it may be of some help, with caution, for a population screening. Its only interest at the individual scale is to provide a rather low probability of being insulin resistant when criteria are not met, especially using the IDF definition. All this means that laboratory measurements (preferably a dynamic test) are mandatory for the diagnosis of insulin resistance.
